The increase in demand for data transport through WDM (Wavelength Division Multiplexing) networks has led to the emerging problems related to finding routes and assigning wavelengths in these networks, which are solved through algorithmic processes. Conventional algorithms only satisfy the conditions of static traffic. However, the heuristic algorithms may be processed in dynamic traffic scenarios. This paper proposes a comprehensive strategy to address DLE (Dynamic Lightpath Establishment), i.e., without dividing the problem, using several heuristic algorithms. The results shown indicate that the heuristic algorithms respond better under stress in dynamic scenarios, but with high network use.
Introduction
Data transport networks have enabled the development of diverse technology, reaching photonic networks. The latter, operated through SDH/SONET, allow up to 2.5 Gbps for wavelength and at greater longitudes, WDM (Wavelength Division Multiplexing) appears.
One of the most important networks that uses these methodologies is NSFNET (National Science Foundation NETwork). The most important problems in these networks is the RWA (Routing Wavelength Assignment) solution, with continuity constraints of wavelength and reusing wavelength, the latter not having been studied because the offer of the service is higher than the demand and reusing the wavelength does not substantially improve the current solutions [1] .
In photonic networks, switching becomes relevant compared to routing, which for now is relegated to providing access to transport networks. For this reason, switching has prevailed, due to its control simplicity and response speed [2] . In the future, IP layer continuity seems weak because access technology will evolve toward optic connectivity [22] . In transport, traffic is evolving rapidly from static to dynamic. This implies a change in the solution universes, transforming from an optimizable one, with conventional algorithms to a non-optimizable one with heuristic algorithms [3] . Therefore, the current research is directed toward dynamic traffic studies, where the RWA problem is present, with wavelength reuse [4, 5] . The latter carries a reconnection time increase, so it is not widely used. To route the information, a path and a wavelength is necessary in each link of the lightpath. In literature there are two strategies. The first divides the problem in two parts (path search and wavelength assigning) and the second solves the problem in only one algorithm process, that is, comprehensively (without separating the problem). Of course, this has advantages such as obtaining more paths, but not necessarily available wavelengths, and the second obtains paths and wavelengths but at higher computer costs. The algorithms studied in this article work under conditions of restricted wavelength continuity (CCW). This guarantees that in each link of the selected route uses the same wavelength, but it has the disadvantage of reducing the universe of possible solutions and with low connection establishing time [4, 5] . In general, this problem has been solved by subdividing the problem in two parts. The first solves the path based on minimizing a pre-established condition such as cost, retardation, etc. The second solves the wavelength assigning problem through algorithms like First Fit (FF), Next Fit (NF), among others [4] [5] [6] . There are other proposals that solve the problem comprehensively, achieving good results under conditions of stress [7] [8] [9] . The article compares the results of different heuristics through simulation and makes visible better dynamic traffic conditions for optical networks.
The optical network problem
The increase in demand continues its path toward accelerating connection requests, driving the quest for paths and related wavelengths that are increasingly faster and more numerous to strengthen transport of optical networks. The routes ate made up of one or more links between OXC (Optical Cross Connect) of the network; wavelengths are luminous signals that pass through links at different frequencies. Fig. 1shows part of an optical network where OXC are differentiated as A, B, C and D are connected with optical fiber links that support both wavelengths (λ 0 and λ 1 ).
Depending on the OXC technology, these may commute fibers, wavelengths, wavelength bands, TDM time channels. For this case, wavelengths will be commuted. Optical fiber routes are made up of optical links that are directed toward light rays (data) through the same wavelength according to CCW, the pair (R, λ), is called lightpath (LP) [10] , where R is the set of conforming links and λ is the wavelength used in the route.
However, the possibility of finding available LP is exhausted when the demand outstrips the availability. This is when the request is blocked. Routing systems have been developed reusing wavelength, where the change in λ is allowed, however, studies have not shown meaningful changes in the performance of the routing [11] . Fig. 1 shows 4 OXC that are part of a greater system, the established routes (LP) with their respective wavelength (scripted) are (A-D, λ 0 ) and (A-D-C, λ 1 ). It is observed that a service request reaches node A toward node B. Node A has a path A-D-C-B, therefore a wavelength must be assigned, however, it is observed that link A-D does not have available wavelength, so another wavelength must be used, or a different route must be found. This problem is called containment.
Modeling demand
The network has current traffic, future demand or request that determines the static and dynamic simulation scenario, the RWA problem is called SLE (Static Lightpath Establishment) if the traffic is static and DLE (Dynamic Ligthpath Establishment) if the traffic is dynamic [5] . Traffic is dynamic when average requested connection time (tC) is lower than the average of received service requests (tLL).
The scenario is not optimizable (NP-Complete), therefore heuristic algorithms are used and of which most offer solutions that are not necessarily optimum. Computer complexity is an important element of this problem, because when it is subdivided, it able to be reduced. On the other hand, multiple paths that obtain heuristic algorithms are of great support, when the problem of containment is presented, and this way, avoiding executing a new algorithm process. The characteristics of the demand variables are similar to those used in the works [3] [4] [5] .
Network demand
The edge nodes (Edge OXC) receive requests (with Poisson distribution, however different probability scenarios could be studied). These requests carry 3 parameters to be satisfied, or else the request must be blocked.
Where:
Is the vector that represents the i-number of demand Reaches the s-number edge node. Identification number of the origin node of the Incoming demand. Identification number of the destination node of the Incoming demand. The problem is to establish paths and wavelengths, observing the indicators used in the works [3] - [5] , as least probability of request blockage and network use.
Heuristics used
The problem is to establish paths and wavelengths, observing the indicators used in the works [3] [4] [5] , as least probability of request blockage and network use. The research is based on DLE, the same that has been tested under different strategies and heuristics to satisfy the demand of an optical network and has used optimization criteria and algorithms described in [3, 7] . Fig. 2 shows a classification of the strategies found in literature, to solve the problems of SLE and DLE, such as: Ant [12] [13] [14] , Genetic [3, 7] , Tabú Search [1, [15] [16] [17] [18] [19] and Simulated Annealing [8] , all work with the strategy of dividing the problem in 2 parts, except, [3, 7, 8] that do it comprehensively that is, without dividing the problem and solving it in only one algorithm process. Also, other heuristic algorithms are found, one of which is mimetic algorithm Snake One, based on the displacement of cost in the matrix and its similarity with snake movement [23] .
The diagram of Fig. 3 also shows the processes found in literature to solve the RWA problem. As observed, it will use the division strategy until it is completely solved, using different criteria and holistic algorithms to obtain a path and a wavelength. It should be noted that in optical networks, optimization is not necessarily sought, but a path that works without generating an important increase in the probability of blockage without increasing network usage. Table 1 , shows the studied heuristic algorithms.
Genetic Algorithm (GA)
In this algorithm, the nodes are arranged in a vector of N elements, where N is the number of Nodes in the Network. This vector represents the Chromosome and each element represents the genes. For example, the optical network with 6 nodes, labeled from 0 to 5.
One chromosome filled randomly could be (3,2,0,2,3,5), where the first and the last element represent the origin and destination of the sought path. A set of chromosomes form a two-dimensional matrix, with the objective of finding the solution vector named population. The population is subjected to change that come from exchanging genes of adjacent chromosomes and each time the cost of the path is evaluated and ordered from lowest to highest costing path.
Then, a threshold of population mortality is established, where the most apt chromosomes prevail, that is, the ones that generate the least cost. As the algorithm is repeated, the chromosomes will reproduce within the lowest costing paths.
This way, in some cases the resulting route is the absolute minimum and in most cases it is the local minimum. More information regarding algorithms may be found in [3, [6] [7] [8] 24 ]. In Fig. 3 and Fig. 4 the reproduction process of the genetic algorithm may be observed.
Simulated Annealing (SA) Algorithm
This algorithm uses the molecular behavior of bodies as they slowly cool, reaching a molecular order that generally improves its physical properties. Fig. 5 this behavior.
In this case the body is treated as a very active gas element obeying general laws within its volume. Fig. 6 shows a matrix that is considered as a material with its heat energy distributed by layers, with the coldest in the center and the hottest toward the ends, N represents the number of nodes of the network, m the number of elements of the population matrix and j the position of the layer in rotation. Source: [7] [8] This way, the layers will move at different speeds due to heat transfer. The costs of the routes are calculated at all times, obtaining a final route that is not necessarily the absolute minimum. More information of generic algorithms may be seen in [8, 9] .
Tabú Search (TS) Algorithm
The TS algorithm was developed by Dr. Fred Glover (1989). It was not until 1990 that the algorithm became popular for the approximate solution of optimization problems. The advantage of the algorithm is that once a possible solution is found it converges quickly. This convergence is because actions that stray from the local solutions are punished, and neighbors with high probabilities of having a solution are preserved. Basically it is sustained that more is learned from errors, generating information so they are not repeated. TS has established new records in searches for the best solution to problems in production planning and programming, resource assigning, network design, routing, financial analysis, telecommunications, portfolio planning, supply chain management, agent based modeling, business process design, provision, automatic learning, data mining, etc. [20, 21] . Figure 9 . TS Flow Chart. Source: [25] Fig . 8 shows the column exchange of the population matrix. This process is registered as beneficial when the aptitude function decreases and as not beneficial when it increases and is therefore punished so it is not repeated.
Figs, 4, 7 and 9 show the flow chart of the used algorithms where the request is blocked after a number of iterations given as threshold, for computer efficiency of the process.
Comparison scenario
Once the simulation was conducted it was compared with 4 works [3] and [8] under comprehensive solution conditions and [4] [5] under conditions of subdivision of the problem.
The NSFNET Network used for the test has 14 nodes and 21 optical fiber links (see Fig. 10 ). The parameters used were similar to those presented in [5] . Probability comparisons of Figure 10 . NSFNET Network used. Source: [3, 7, 8] 
Results
In the comparison of heuristics with indicators such as the blocking probability and network use, it is observed that the studied algorithms tend to improve blocking probability in high load dynamic traffic, especially over 100 Erlangs, as observed in figs. 11 and 12. However, the network use resulted higher and this is a problem for network availability. Fig. 12 shows the blocking probability (BP) and it is observed that TS has a low BP up to 120 Erlangs, outperforming the rest of the algorithms. This is mainly because TS finds LP passing through a neighborhood of solutions that is lower than the rest of the algorithms, but over 120 Erlangs, TS is not the best, determined for high loads of incoming traffic TS does not perform better than the rest of the algorithms. It is important to mention that the studies shown were conducted with 8 wavelengths and reaching 180 Erlangs. Fig. 12 shows the characteristics of the algorithms compared to the network usage (NU). The TS algorithm is not the best one and quickly uses many network resources.
The other algorithms have a much lower NU, which leads to the reflection on the routes obtained by the TS algorithm has many more jumps compared to the other algorithms, which consequently results in higher network usage. Fig. 13 shoes the average values of the blocking probability to facilitate its comparison, observing that the Tabú Search (TS) heuristics performs the best. Fig. 14 shows the average network use value, observing that the evolutionary heuristics (GA) use network resources the least. In Fig. 13 and Fig. 14 , the Blocking Probability and the Network Utilization are inversely proportional; while one increases, the other decreases. That is to say, if the blocking probability improves, this is done at the cost of elevating the network utilization, and vice-versa.
Conclusions
It is established that heuristic algorithms tend to use more network resources, increasing the NU (Network Utilization) indicator, but in high load dynamic traffic scenarios their behavior is stable resulting in relatively low blocking probability. This observation leads to modifying the comprehensive strategy, to improve the NU and BP (Blocking Probability) indicators simultaneously. It is established that heuristic algorithms tend to use more network resources, increasing the NU (Network Utilization) indicator, but in high load dynamic traffic scenarios their behavior is stable resulting in a relatively low BP (Blocking Probability) indicator. Both indicators have an inversely proportional behavior, i.e., if one increases, the other decreases. This observation leads to the need to modify the comprehensive strategy, to simultaneously improve the NU and BP indicators.
This new solution strategy is called Localized Integral Strategy (LIS) or Estrategia Integral Localizada (EIL). The results of this new strategy will be seen in upcoming publications, together with other heuristic proposals called Snake One, Snake Two and Snake Three.
